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(54) Dielectric filter, dielectric duplexer and method of manufacturing the same 



(57) A dielectric filter and a dielectric duplexer hav- 
ing a dielectric block (1) with resonator holes (2a, 2b) 
formed therein, each having a large -sectional -area por- 
tion (2a) and a small -sectional-area portion (22) so that 
the resonator hole (2a. 2b) has different respective inner 
diameters at an open-circuited end and a short-circuited 
end. Each large-sectional-area portion (20) is formed 
with the cross-sectional shape of an elongated circle, an 
ellipse, or a rectangle, for example, the cross-sectional 
shape defining a longitudinal axis which is disposed at 

FIG.1 



an angle 6 against with respect to a plane in which the 
resonator holes (2a, 2b) are arranged. The invention 
increases the degree of freedom in providing a desired 
resonant frequency and a desired degree of coupling 
between resonators, in order to be able to easily provide 
desired filter characteristics, even in a case in which the 
external dimensions of the required dielectric block are 
restricted. Also disclosed is a method o1 manufacturing 
the dielectric filter and dielectric duplexer, as well as a 
radio transceiver utilizing the dielectric duplexer. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to a dielectric' fater 
and a dielectric duplexer, each said filter and duplexer 
having a plurality of resonator holes, including at least 
one resonator hole having two longitudinal portions with 70 
different cross -sectional areas arranged in a dielectric 
block. 

The invention also relates to a method of manufac- 
turing the dielectric filter and the dielectric duplexer. 

The invention further relates to a radio transceiver is 
utilizing the above-described dielectric duplexer. 

2. Related Art of the Invention 

A dielectric fater is known in which a plurality of res- 20 
onator holes are provided in a single dielectric block and 
a change in the cross- sectional area of each hole is pro- 
vided by changing the inner diameter of the hole in 
order to achieve coupling between resonators. In the fil- 
ter, a line impedance oi the resonator corresponding to 25 
each resonator hole changes at the boundary where the 
difference in cross- sectional area is formed. 

Such a conventional dielectric filter has, for exam- 
ple, the structure shown in Fig. 14(A) and Rg. 14(B). 
Fig. 1 4(A) is a perspective view of the dielectric filter 30 
with the surface to be mounted on a circuit board being 
placed upwards. Fig. 14(B) is a view of the resonator 
holes viewed from one end of the dielectric block. This 
dielectric fitter is formed of a substantially rectangular- 
parallelepiped -shaped dielectric block 1 in which two 35 
resonator holes 2a and 2b pass through one pair of 
opposing end surfaces of the block and have inner con- 
ductors 3 on their inner surfaces. Input and output elec- 
trodes 5 are formed on outer surfaces of the dielectric 
block 1 , and an outer conductor 4 is formed on substan* *o 
tially all of the outer surfaces of the block except for the 
areas where the input and output electrodes 5 are 
formed. 

Near one end surface 1a' of the dielectric block 1 , a 
gap is formed in each of the inner conductors 3 in the <5 
resonator holes 2a and 2b so as to open- circuit (sepa- 
rate) the inner conductors 3 from the outer conductor 4 
and so as to generate stray capacitances there. The 
inner conductors 3 are short-circuited (electrically con- 
nected) to the outer conductor 4 at the other end sur- so 
face lb of the dielectric block 1 and this end surface 1b 
will be referred to as a short-circuited end face. 

The resonator holes 2a and 2b are provided with 
steps 21 in substantially halfway along the length 
thereof so that the inner diameters and cross- sectional 55 
areas of the holes change between the open end sur- 
face 1a' and the short-circuited end face 1b. Hereinafter, 
portions having a relatively larger inner diameter in the 
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resonator holes are called targe-sectional-area por- 
tions, and portions having a relatively smaller inner 
diameter are called small- sectional-area portions. 

Since the large-sect tonal -area portions are formed 
at the open -circuited end in the structure shown in Figs. 
14{A)-14(B), a strong capacrtive coupling is generally 
achieved between the two resonators and filter charac- 
teristics having a wide pass-band are obtained. 

However, in the conventional dielectric filter 
described above, the fact that the large-sectional-area 
portion and the small-sectional-area portion of each 
resonator hole have circular cross -sections, and that 
their axes are aligned, places limitations on the degree 
of freedom in the design of the filter. That is, in practice, 
the resonant frequency of each resonator' and the 
degree of coupling between the resonators are deter- 
mined by setting the capacitance (hereinafter called 
self-capacitance) between each inner conductor and 
the outer conductor, and the capacitance (hereinafter 
called mutual capacitance) between the adjacent inner 
conductors. However, only the distance (pitch) between 
the resonator holes, the length ratio between the large- 
sectional -area portion and the smaJI-sectional-area por- 
tion, and the inner-diameter ratio between the large- 
sectional-area portion and the small-sectional -area por- 
tion can be specified in this design. Thus, when the out- 
side dimensions of the required dielectric block are 
restricted, it is difficult to obtain filter characteristics over 
a wide range, since only the above-mentioned meas- 
urements and ratios can be adjusted. Conversely, if a 
dielectric block satisfies the required filter characteris- 
tics, its outside dimensions may not fall in a desired 
range. 

SUMMARY OF THE INVENTION 

The present invention is able to solve such conven- 
tional problems and to provide a dielectric filter and a 
dielectric duplexer having an increased degree of free- 
dom in the design of the resonant frequency and the 
degree of coupling between resonators, and a method 
of manufacturing the fitter and duplexer. 

The present invention provides a dielectric filter, 
comprising: a dielectric block having an open -circuited 
end and a short-circuited -end opposed to each other; 
an outer conductor disposed on an outer surface of said 
dielectric block; a plurality of resonator holes respec- 
tively extending from said open-circuited end to said 
short-circuited-end of said dielectric block, each hole 
having a respective inner surface on which an inner 
conductor is provided; at least one of said resonator 
holes comprising a large-sectional-area portion and a 
small-sectional-area portion having different respective 
inner cross-sectional areas. Advantageously the large- 
sectional -area portion is located at said open- circuited 
end and said small -sectional -area portion is located at 
said short-circuited-end. The cross-sectional shape of 
said large-sectional-area portion is substantially an 
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elongated shape such as an elongated circle or ellipse, 
and the longitudinal direction of said cross-sectional 
shape being slanted with respect to the direction in 
which said plurality of resonator holes are arranged. 

Since the cross -sectional shape of the large-sec- s 
tional-area portion is substantially an elongated shape 
such as an elongated circle or ellipse, tor example, 
when the targe-sedional-area portion is placed at the 
open-circuited end, the seff -capacitance at the open- 
circuited end is increased and the line impedance of the io 
resonator at the open-circuited end is reduced. There- 
fore, the resonant frequency is reduced. Conversely, to 
obtain a desired resonant frequency, the length (axial 
length) of the dielectric block can be reduced. Another 
advantage of the cross-sectional shape of the large- is 
sectional-area portion is that the opposing areas of 
adjacent inner conductors at the open -circuited end can 
be increased so as to increase the mutual capacitance 
at the open-circuited end, so that capacitive coupling 
between adjacent resonators is easily enhanced. so 

Since the longitudinal direction of the large-sec- 
tional-area portion is slanted with respect to the direc- 
tion in which the plurality of resonators are arranged, 
when the tilt angle is changed, the self- capacitance at 
the large-sectional-area portion can be changed over a h 
wide range. Even if the dimensions of the dielectric 
block are specified, the resonant frequency can be 
specified over a wide range. Conversely, to obtain a 
desired resonant frequency, the length of the dielectric 
block can be specified over a wide range. Also, when so 
the tilt angle is changed, the mutual capacitance can be 
changed over a wide range so that the range of the 
degree of coupling between adjacent resonators can be 
extended. 

In the above dielectric filter, the central axis of said 35 
small -sectional-area portion may be coaxial with the 
central axis of said large-sectional-area portion, or may 
be shifted so that said small-sectional -area portion is 
eccentric to said large-sectional-area portion. 

When the central axis of the small -sectional-area 40 
portion is shifted from that of the large-sectional-area 
portion to be eccentric thereto, the distance between 
adjacent small-sectional-area portions is changed so 
that the mutual capacitance between the small-sec- 
tional-area portions is changed. When the small-sec- 45 
tional-area portions are disposed at the short-circurted 
end, for example, if the mutual capacitance at the small- 
sectional-area portion is reduced, inductive coupling 
between the resonators is weakened. Therefore, also in 
this respect, the degree of freedom in the design of the so 
degree of coupling is increased. 

The present invention further provides a dielectric 
duplexer including the above described dielectric fitter, 
and further comprising; an input/output electrode, an 
input electrode, and an output electrode respectively ss 
provided on the outer surface of the dielectric block; 
some of the resonator holes in the filter being connected 
between said input/output electrode and said input elec- 
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trode to define a transmission filter; and the others of 
the resonator holes being connected between said 
input/output electrode and said output electrode to 
define a receiving fitter. 

By the above structure, a duplexer having desired 
filter characteristics is easily obtained. 

The present invention further provides a method of 
manufacturing the above-described dielectric filter or 
dielectric duplexer, comprising the steps of: adjusting 
the self-capacitance of each said resonator hole and the 
mutual capacitance between adjacent said resonator 
holes by changing the tilt angle of the longitudinal direc- 
tion of the cross-section of the large-sectional-area por- 
tion with respect to the direction in which said plurality of 
resonator holes are arranged. 

The above method may further comprise the steps 
of: adjusting the self-capacitance of each said resonator 
hole and the mutual capacitance between adjacent said 
resonator holes by changing the amount that the central 
axis of said small -sectional -area portion is shitted with 
respect to the central axis of said large-sectional -area 
portion. 

The present invention further provides a radio 
transceiver including the above-described dielectric 
duplexer, further comprising: a transmission circuit con- 
nected to said input electrode for generating a transmis- 
sion signal; a reception circuit connected to said output 
electrode for receiving a reception signal; and an 
antenna terminal connected to said input/output elec- 
trode for receiving an antenna. 

The present invention further provides the above- 
described radio transceiver, wherein an antenna is con- 
nected to said input/output electrode via said antenna 
terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 shows a perspective view of a dielectric filter 
according to a first embodiment. 

Rg. 2(A) and Fig. 2(B) show an elevation and a 
cross-section of the dielectric filter. 

Rg. 3(A), Fig. 3(B), Rg. 3(C) and Fig. 3(D) show 
elevations of some dielectric filters having different tilt 
angles of the longitudinal axes of their large-sectional - 
area portions. 

Rg. 4(A) and Fig. 4(B) show an elevation and a 
cross-section of a dielectric filter according to a second 
embodiment. 

Rg. 5(A) and Fig. 5(B) show an elevation and a. 
cross-section of another dielectric filter according to the 
second embodiment. 

Rg. 6(A) and Fig. 6(B) show an elevation and a 
cross-section of still another dielectric filter according to 
the second embodiment. 

Rg. 7 shows an elevation of a dielectric filter 
according to a third embodiment. 

Rg. 8 shows an elevation of another dielectric filter 
according to the third embodiment. 
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Ftg. 9(A) and Fig. 9(B) show an elevation and a 
cross -section of a dielectric filter according to a fourth 
embodiment. 

Fig- 10(A), Fig. 10(B), Fig. 10(C) and Rg. 10(D) 
show elevations of dielectric filters according to a fifth 
embodiment. 

Fig. 11(A), Rg. 11(B), Fig. 11(C) and Ftg. 11(D) 
show projective views of a dielectric duplexer according 
to a sixth embodiment. 

Fig. 12(A), Fig. 12(B) Fig. 12(C) and Fig. 12(D) 
show projective views of a dielectric duplexer according 
to a seventh embodiment. 

Fig. 1 3 shows a block diagram of a radio transceiver 
including a dielectric duplexer according to an eighth 
embodiment o1 the present invention. 

Fig. 14(A) and Fig. 14(B) show a perspective view 
and an elevation of a conventional dielectric filter. 

Other features and advantages of the present 
invention will become apparent from the following 
description of embodiments of the invention which 
refers to the accompanying drawings. 

DESCRIPTION OF EMBODIMENTS OF THE INVEN- 
TION 

A structure and a manufacturing method for a die- 
lectric filter according to a first embodiment of the 
present invention will be described below by referring to 
Fig. 1 to Fig. 3. 

Fig. 1 is a perspective view with a surface to be 
mounted to a circuit board being placed upwards. This 
dielectric fitter is formed of a substantially rectangular- 
parallelepiped dielectric block 1 in which resonator 
holes 2a and 2b pass through one pair of opposing sur- 
faces of the block and have inner conductors 3 on their 
inner surfaces. Input/output electrodes 5 are formed on 
an outer surface of the dielectric block 1, and an outer 
conductor 4 is formed on the outer surface except for 
the areas where the input/output electrodes 5 are 
formed and except for one of said opposing surfaces 1a 
at which the open-circuited ends of the resonator holes 
2a and 2b are located. Therefore, the surface 1a is 
referred to as an open end face, and the other end sur- 
face 1b serves as a short-circuited end face. As shown 
in the figure, the resonator holes 2a and 2b are provided 
with steps 21 at which their cross-sectional area 
changes substantially halfway along their length so that 
a large-sectional -area portion is disposed near the 
open -circuited end face 1a and a small-sectional-area 
portion is disposed near the short-circuited end face lb. 

Fig. 2(A) and Fig. 2(B) show an elevation of the die- 
lectric filter shown in Fig. 1 , viewed from the open end, 
and a cross-section taken on a plane passing through 
the two resonator holes. As shown in Fig. 1 , Fig. 2(A) 
and Fig. 2(B), the resonator holes 2a and 2b have their 
large-sectional- area portions 20 at the open -circuited 
end and their small-sectional-area portions 22 at the 
short-circuited end. The large-sectional-area portions 
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20 have an elongated circular cross-section (hereT a 
combination of a rectangle and two semicircles, for 
example), when viewed in a plane perpendicular to their 
axes. The longitudinal axes of the cross -sections are 

5 slanted at specified angles with respect to a plane in 
which the two resonator holes 2a and 2b are arranged. 
As shown in Rg. 2(A), with this structure, self -capaci- 
tances Ci and Cj are generated between the outer con- 
ductor 4 and the inner conductors 3 at the open- 

io circuited end, respectively. A mutual capacitance Cij is 
generated between the inner conductors of the adjacent 
resonators at the open-circuited end. In addition, exter- 
nal coupling capacitances Ce are generated between 
the input/output electrodes 5 and the inner conductors 

is of the resonators at the open-circuited end. 

Since the large-sectional-area portions 20 at the 
open-circuited end have the elongated circular cross - 
section, the self-capacitances are increased and the 
line impedances of the resonators at the open-circuited 

20 end are reduced. Therefore, the resonant frequency is 
reduced. Conversely, the large-sectional-area portions 
enable the axial length of the dielectric block 1 to be 
reduced, without increasing the resonant frequency. 
Also, since the opposing areas of the adjacent inner 

25 conductors at the open-circuited end are increased, so 
as to increase the mutual capacitance, the capacitive 
coupling between the resonators is enhanced and the 
degree of coupling is increased. Also, the self-capaci- 
tances Ci and Cj change as a function ol the angles at 

so which the longitudinal directions of the large-sectional - 
area portions 20 are slanted with respect to the plane in 
which the resonator holes are arranged. With this, even 
if the cross-section of the large-sectional -area portions 
20 is not changed, the resonant frequency or the axial 

35 length of the dielectric block can be changed. Since the 
mutual capacitance Cij also changes according to the 
tilt angles, the degree of coupling between the resona- 
tors can be specified over a wide range. 

Fig. 3(A), Fig. 3(B), Fig. 3(c) and Fig. 3(D) show 

*o views of dielectric filters having different tilt angles, 
viewed from their open -circuited ends. Since the self- 
capacitances Ci and Cj and the mutual capacitance Cij 
change as the tilt angles of the longitudinal directions of 
the large-sectional-area portions change, even if the 

45 distance between the small-sectional -area portions of 
the adjacent resonator holes or the cross -sectional 
shape of the large-sectional-area portions does not 
change, the resonant frequencies of the resonators, the 
axial length of the dielectric block, or the degree of cou- 

so pi i rig between the adjacent resonators can be specified 
over a wide range. 

Further, regarding the external coupling capaci- 
tances Ce between the input/output electrodes 5 and 
the inner conductors at the open-circuited end, it is 

55 clearly understood from Fig. 1 and Figs. 2(A), 2(B) that 
they also change as the tilt angles of the large-sec- 
tional-area portions 20 change. With the use of this rela- 
tionship, the desired external coupling capacitances Ce 
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can be obtained by setting the titt angles of the large- 
sectional-area portions 20 without changing the input 
and output electrodes 5. Therefore, as shown in Fig. 1 , 
the invention also increases the degree ol freedom in 
manufacturing external coupling capacitances in the 5 
dielectric fitter in which the input and output electrodes 
generate the external coupling capacitances with the 
large-sectional-area portions formed in the dielectric 
block 

A structure and a manufacturing method for a die- 10 
lectric filter according to a second embodiment of the 
present invention will be described below by referring to 
Fig. 4(A) to Fig. 6(B). 

In the first embodiment, the central axes of the 
small -sectional-area portions of the resonator holes are 15 
aligned with the central axes of the large-sectional-area 
portions. In the second embodiment, the central axes of 
small -sectional- area portions are shifted from those of 
large-sectional-area portions to set the small-sectional- 
area portions eccentric to the large-sectional-area por- 20 
tions. For example, as shown in Fig. 4(A) and Fig. 4(B), 
the central axes of small -sectional-area portions 22 are 
set eccentric to those of large-sectional-area portions 
20 such that the distance between two small -sectional- 
area portions 20 in adjacent resonator holes is reduced. 25 
With this structure, the mutual capacitance between the 
small -sectional-area portions at the short-circuited end 
increases, inductive coupling between the resonators is 
strengthened, and thereby capacitive coupling as a 
whole is reduced. The degree of coupling between the 30 
resonators is set to a low level. 

Conversely, for example, as shown in Fig. 5(A) and 
Fig. 5(8), the central axes of small-sectional -area por- 
tions 22 are set eccentric to those of large-sectional- 
area portions 20 such that the distance between two 35 
small-secttonal-area portions 20 in adjacent resonator 
holes is increased. With this structure, the mutual 
capacitance between the small-sectional -area portions 
is reduced, inductive coupling between the resonators 
is reduced, and thereby capacitive coupling as a whole *o 
is increased. The degree of coupling between the reso- 
nators is set to a high level. 

Also, the directions in which the central axes of 
small -sectional-area portions are shifted with respect to 
the central axes of large-sectional- area portions in 45 
respective adjacent resonator holes may be asymmetric 
as shown in Fig. 6(A) and Fig. 6(B). 

Fig. 7 and Fig. 8 are elevational views of dielectric 
filters according to a third embodiment. Even rf the tilt 
angles of the longitudinal axes ol the large-sectional- so 
area portions are the same in adjacent resonator holes, 
the mutual capacitance between the small -sectional - 
area portions can be changed by making the small-sec- 
ttonal-area portions eccentric. 

Fig. 9(A) and Fig. 9(B) show an elevation and a 55 
cross-section of a dielectric filter according to a fourth 
embodiment. In the first through third embodiments, 
one open end face of the dielectric block has no outer 
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conductor. In the fourth embodiment, a dielectric filter 
may be configured as shown in Fig. 9(A) and Fig. 9(B) 
with respective gaps 6 where no conductors are formed 
near openings of the resonator holes so that open ends 
are formed inside the resonator holes. The gaps 6 may 
be formed by first forming inner conductors on the 
whole inner surfaces of the resonator holes, and then 
removing parts of the inner conductors at specified 
positions. 

In the first through fourth embodiments, the large- 
sectional -area portions are placed at the op en -circuited 
end and the small-sectional-area portions are placed at 
the short-circuited end. Conversely, a dielectric filter 
may be configured with large-sectional -area portions 
placed at the short-circuited end and the small-sec- 
tional-area portions placed at the open-circuited end. In 
this case, a change in a resonant frequency and a cou- 
pling relationship (whether it is capacitive coupling or 
inductive coupling) can be obtained by arrangements 
that are the reverse of those in the above embodiments. 

Figs. 10(A) to 10(D) are elevational views showing 
several dielectric filters according to a fifth embodiment. 
In the first through fourth embodiments, there are two 
resonators formed in the single dielectric block. The 
present invention can also be applied to a case in which 
three or more resonator holes are formed, by changing 
the serf -capacitances and the mutual capacitance 
according to the tilt angles of the longitudinal axes of the 
large-sectional-area portions, and by changing the 
mutual capacitance according to the eccentric positions 
of the small-sectional-area portions. In the fifth embodi- 
ment, three resonator holes are provided and each res- 
onator hole has a large-sectional-area portion 20 and a 
small-sectional -area portion 22. Even in a dielectric fil- 
ter having such a structure, the desired filter character- 
istics can be obtained by appropriately specifying the tilt 
angles of the longitudinal directions of the large-sec- 
tional-area portion in each resonator hole, and the 
eccentric direction and eccentric distance of the small - 
sectional-area portion. 

The structure of a dielectric duplexer according to a 
sixth embodiment will be described below by referring to 
Fig. 11(A) to 11(D). 

Fig. 1 1 (A) to Fig. 1 1 (D) show projective views of the 
dielectric duplexer. Fig. 11(A) is a plan, Fig. 11(B) is an 
elevation, Fig. 11(C) is a bottom view, and Fig. 11(D) is 
a right-hand side view of the dielectric duplexer. This 
dielectric duplexer is formed of a rectangular-parallele- 
piped dielectric block 1 in which various holes and con- 
ductors are made. Specifically, the block is provided 
with resonator holes 2a, 2b, 2c, 2d, and 2e for a receiv- 
ing filter used when the dielectric duplexer serves as an 
antenna multiplexer, resonator holes 2f, 2g. 2h, and 2i 
for a transmission filter used when the dielectric 
duplexer serves as an antenna multiplexer, and input 
and output holes 7a, 7b, and 7c. 

As shown in Fig. 11(B), each resonator hole is ol a 
step type in which the inner diameter changes approxi- 
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mately halfway along the length of the resonator 
between the upper half and the lower half, and its inner 
surface is provided with an inner conductor. Inner con- 
ductors 3a. 3b. 3c, 3d, 3e. 3f, 3g. 3h. and 3i are formed 
on the inner surfaces of the resonator holes 2a, 2b, 2c. $ 
2d. 2e, 2f, 2g, 2h, and 2i, respectively. Input-and-output 
inner conductors 8a, 8b, and 8c are formed on the inner 
surfaces of the input and output holes 7a, 7b, and 7c. In 
this embodiment, the input-and-output inner conductors 
8a, 8c, and 8b correspond to an output electrode, an i 0 
input electrode, and an input/output electrode according 
to the present invention, respectively. In each inner con- 
ductor, a gap 6 where no conductor is formed is pro- 
vided near the end of the large- sectional -area side of 
the step hole and the gap 6 serves as an open end of >s 
the corresponding resonator. 

Ground holes 9a, 9b, and 9c are also shown in the 
figure. They are straight, have a constant inner diame- 
ter, and are provided with conductors on the whole inner 
surfaces. On the outside surfaces of the dielectric block 20 
1 , input and output electrodes 5a, 5b, and 5c continu- 
ously connected to the input -and-output inner conduc- 
tors 8a, 8b, and 8c, respectively, are formed, and an 
outer conductor 4 is formed substantially on all six of its 
surfaces except for the areas where the input and out- 25 
put electrodes are formed. 

The dielectric duplexer configured as described 
above operates in the following way. The inner conduc- 
tors 3b, 3c, 3d, and 3e are comb-line coupled with each 
other, and the inner conductors 3f, 3g, and 3h are also 30 
comb-line coupled with each other. The output inner 
conductor 6a formed in the output hole 7a is coupled 
with the inner conductors 3a and 3b. the input-and-out- 
put inner conductor 8b is coupled with the inner conduc- 
tor 3e and 3f, and the input inner conductor 8c is 35 
coupled with the inner conductor 3h and 3i. With this 
arrangement, the inner conductors 3a and 3i work as 
trap circuits. Therefore, the portion between the elec- 
trodes 5a and 5b serves as a bandpass fitter having a 
trap, and the portion between the electrodes 5b and 5c 40 
serves as a bandpass filter having a trap. 

The ground hole 9a breaks the coupling between 
the inner conductors 3a and 3b by its blocking effect, the 
ground hole 9b breaks the coupling between the inner 
conductors 3e and 3f by its blocking effect, and the 45 
ground hole 9c breaks the coupling between the inner 
conductors 3h and 3i by its blocking effect. 

In the embodiment shown in Fig. 11(A) to Fig. 
1 1 (D), by making the large-sectional-area portions with 
the cross -sectional shape of an elongated circle, and so 
shifting the axes of the large-sectional -area portions 
and the small -sectional-area portions with respect to 
each other, the self -capacitance of the large-sectional- 
area portions and the mutual capacitance between 
adjacent resonator holes are specified to set the degree 55 
of coupling between the adjacent resonators. The 
degree of coupling between the input- and-output inner 
conductors and inner conductors adjacent thereto is 
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also specified. Therefore, a dielectric duplexer having 
the desired filter characteristics is easily obtained. 

The structure of a dielectric duplexer according to a 
seventh embodiment win be described below by refer- 
ring to Fig. 12(A) to Fig. 12(D). 

Rg. 1 2(A) to Fig. 12(D) show projective views of the 
dielectric duplexer. Rg. 12(A) is a plan, Fig. 12(B) is an 
elevation, Rg. 12(C) is a bottom view, and Fig. 12(D) is 
a right-hand side view of the dielectric duplexer. This 
dielectric duplexer is formed ol a rectangular -parallele- 
piped dielectric block 1 in which various holes and con- 
ductors are made. Specifically, the block is provided 
with resonator holes 2a, 2b, and 2c for a transmission 
filter used when the dielectric duplexer serves as an 
antenna multiplexer, resonator holes 2d, 2e, and 2f for a 
receiving filter used when the dielectric duplexer serves 
as an antenna multiplexer, and input and output holes 
7a and 7b. 

As shown in Fig. 12(6), each resonator hole is of a 
step type in which the inner diameter changes approxi- 
mately between the upper half and the lower haff, as 
shown in Fig. 12(B), and its inner surface is provided 
with an inner conductor. Inner conductors 3a. 3c, 3d, 3e, 
and 3f are formed on the inner surfaces of the resonator 
holes 2a, 2c, 2d, 2 e, and 2f, respectively. The resonator 
hole 2b is of a step type having a large inner diameter 
portion in the upper haff of Fig. 12(B) and it has an inner 
conductor on its inner surface. In each inner conductor, 
a gap 6 where no conductor is formed is provided hear 
the end of the large-sectional-area side of the step hole 
and this gap serves as an open end of the correspond- 
ing resonator. 

Input-and -output inner conductors 8a and 8b are 
formed on the inner surfaces of the input and output 
holes 7a and 7b. In this embodiment, the input -and-out- 
put inner conductors 8a and 8b correspond to an input 
electrode and an input/output electrode according to the 
present invention, respectively. 

Ground holes 9a and 9b are also shown in the fig- 
ure. They are straight, have a constant inner diameter, 
and are provided with conductors on their whole inner 
surfaces. On outside surfaces of the dielectric block 1 , 
input and output electrodes 5a and 5b continuously con- 
nected to the input-and-output inner conductors 8a and 
8b, respectively, and an input/output electrode 5c cou- 
pled with the inner conductor 31 are formed, and an 
outer conductor 4 is formed substantially on alt six of the 
outer surfaces except for the areas where these input 
and output electrodes are formed. In the present 
embodiment, the input/output electrode 5c corresponds 
to an output electrode according to the present inven- 
tion. 

The dielectric duplexer configured as described 
above operates in the following way. The inner conduc- 
tors formed on the resonator holes 2d. 2e, and 2f are 
comb-line coupled with each other. Therefore, the por- 
tion between the input and output electrodes 5b and 5c 
serves as a bandpass filter. The inner conductor 3c is 
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inter-digitally coupled with the input-and-output inner 
conductors 8a and 6b. The inner conductors formed on 
the resonator holes 2a and 2b are also inter-digitally 
coupled with the input-and-output inner conductors 8a 
and 8b. With this arrangement, the portions between 
the input and output electrodes 5a and 5b are rJ2- 
phase-shift coupled with each other through the inner 
conductor 3c and they serve as a band-block filter 
formed of a two-stage trap circuit. The ground hole 9a 
breaks the coupling between the inner conductors of the 
resonator holes 2a and 2b by its blocking effect, and the 
ground hole 9b breaks the coupling between the inner 
conductor of the resonator hole 2b and the input-and- 
output inner conductor 8b by its blocking effect. 

As described above, since the inner conductor 3c 
serving as the final stage of the transmission filter is n/2- 
phase-shift coupled with the input- and -output inner con- 
ductor 8b by inter-digital coupling, the impedance of the 
transmission filter viewed from the input -and -output 
inner conductor 8b is substantially open in an attenua- 
tion band ol the transmission filter. Therefore, a signal 
received from the antenna is not input to the transmis- 
sion filter and is only led to the receiving filter. 

Also in the seventh embodiment, by making the 
large-sectional-area portions in the cross-sectional 
shape of an elongated circle, and shifting the locations 
of the axes of the large-sectional-area portions and/or 
the small -sectional-area portions, the seH-capacitance 
of the large-sectional-area portions and the mutual 
capacitance between adjacent resonator holes are 
specified to set the degree of coupling between the 
adjacent resonators. The degree of coupling between 
the input-and-output inner conductors and the inner 
conductors adjacent thereto is also specified. There- 
fore, a dielectric duplexer having the desired fitter char- 
acteristics is easily obtained. 

In the above embodiments, the large-sectional- area 
portions have an elongated-circular cross- section. 
However, if it has an elliptical cross-section, a cross - 
section similar in shape to an ellipse, or another elon- 
gated cross-section such as a rectangle, the same 
operations and the same advantages are obtained. 

Further, the step between the large and small por- 
tions is not necessarily halfway along the length of each 
resonator. The step can be located to the other portion 
between the two ends of each resonators. 

Fig. 13 shows a block diagram of a radio transceiver 
including the dielectric duplexer of the present inven- 
tion. 

In the radio transceiver, a transmission filter portion 
TX of the dielectric duplexer is connected to a transmis- 
sion (TX) circuit via an input terminal IT, and the receiv- 
ing filter portion RX of the dielectric duplexer is 
connected to a receiving (RX) circuit via an output ter- 
minal OT. Further, both the transmission filter portion TX 
and the receiving filter portion RX are connected to an 
antenna ANT via an input/output terminal l/OT. 

A signal transmitted to the radio transceiver is 



received by the antenna ANT, and a signal representa- 
tive thereof is applied to the receiving filter portion RX. 
The receiving filter portion RX generates a filtered sig- 
nal which is applied to the receiving (RX) circuit. The 
receiving (RX) circuit performs functions such as down- 
conversion and demodulation of the receiving signal, as 
is conventional. The transmission (TX) circuit is opera- 
tive to modulate and up-convert in frequency a signal to 
be transmitted by the radio transceiver, and to generate 
a signal which is applied to the transmission filter por- 
tion TX. The transmission fitter portion TX is operative to 
generate a filtered signal which is applied to the 
antenna ANT to be transmitted therefrom. 

While the invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details 
may be made therein without departing from the spirit of 
the invention. 

Claims 

1 . A dielectric filter, comprising: 

a dielectric block (1) having two ends (1a, 1b) 
opposed to each other; 

an outer conductor (4) disposed on an outer 
surface of said dielectric block; 
a plurality of resonator holes (2a, 2b) extending 
between said two ends (la, 1b) of said dielec- 
tric block (1), each hole (2a, 2b) having a 
respective inner surface on which an inner con- 
ductor (3) is provided, each inner conductor (3) 
being connected to said outer conductor (4) at 
one end (1b) to form a short-circuited end of 
the corresponding hole (2a, 2b), and being iso- 
lated from said outer conductor (4) at the other 
end (1a) to form an open-circuited end of the 
corresponding hole (2a. 2b); 
at least one of said resonator holes comprising 
a large-sectional-area portion (20) and a small- 
sectional-area portion (22) arranged so that 
said at least one hole (2a, 2b) has different 
respective inner diameters at said open- 
circuited end and said short-circurted-end; and 
the cross-sectional shape of said large-sec- 
tional-area portion (20) being an elongated 
shape having a longitudinal axis, said longitudi- 
nal axis being angled with respect to a plane in 
which said plurality of resonator holes (2a, 2b) 
are arranged. 

2. The dielectric filter according to claim 1 , wherein: 

v said small-sectional-area portion (22) has a 
central axis which is shifted from a central axis 
of said large-sectional-area portion (20) such 
that said small-sectional-area portion (22) is 
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eccentric to said large-sectional-area portion 
(20). 

A method ol manufacturing a dielectric fBter com- 
prising the steps of: s 

forming a dielectric block (1) having two ends 
(la, 1b) opposed to each other; 
forming an outer conductor (4) on an outer sur- 
face of said dielectric block (1); to 
forming a plurality of resonator holes (2a, 2b) 
extending between said two ends (1a, 1b) of 
said dielectric block (1), each hole (2a, 2b) hav- 
ing a respective inner surface; 
forming a respective inner conductor (3) on is 
each said inner surface, each inner conductor 
(3) being connected to said outer conductor (4) 
at one end (1b) to form a short-circuited end of 
the corresponding hole (2a, 2b). and being iso- 
lated (6) from said outer conductor (4) at the 20 
other end (la) to form an open-circuited end of 
the corresponding hole (2a. 2b); 
forming at least one of said resonator holes 
(2a, 2b) with a large-sectional-area portion (2a) 
and a small -sectional -area portion (22) ss 
arranged so that said at least one hole (2a, 2b) 
has different respective inner diameters at said 
open-circuited end and said short-circuited - 
end; 

the cross-sectional shape of said large-sec- 30 
tional-area portion (20) being an elongated 
shape which defines a longitudinal axis, said 
longitudinal axis being angled with respect to a 
plane in which said plurality of resonator holes 
(2a, 2b) are arranged; 35 
adjusting the self-capacitance (C„ C) of said at 
least one resonator hole (2a, 2b) and the 
mutual capacitance (C j} ) between a pair of 
adjacent said resonator holes (2a, 2b) includ- 
ing said at least one resonator hole (2a, 2b) by *o 
changing the angle 6 of the longitudinal axis of 
the cross-section of the large-sectional-area 
portion with respect to said plane in which said 
plurality of resonator holes (2a, 2b) are 
arranged. 45 

A method of manufacturing a dielectric filter accord- 
ing to claim 3, further comprising the steps of: 

forming said small-sectional -area portion (22) so 
with a central axis which is shifted from a cen- 
tral axis of said large-sectional-area portion 
(20) such that said small-sectional-area portion 
(22) is eccentric to said large-sectional-area 
portion (20); and 55 
adjusting the self- capacitance (C|. Cj) of said at 
least one resonator hole (2a, 2b) and the 
mutual capacitance (C^ between a pair of 
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adjacent said resonator holes (2a, 2b) includ- 
ing said at least one resonator hole (2a, 2b) by 
changing the amount by which the central axis 
of said small-sectionaJ-area portion (22) is 
shifted from the central axis of said large-sec- 
tional-area portion (20). 

5. A dielectric duplexer comprising: 

a dielectric block (1) having two ends opposed 
to each other; 

an outer conductor (4) disposed on an outer 
surface of said dielectric block (1); 
a plurality of resonator holes (2a - 2i) extending 
between said two ends of said dielectric block 
(1), each hole (2a - 2i) having a respective 
inner surface on which an inner conductor (3a - 
3i) is provided, each inner conductor (3a - 3i) 
being connected to said outer conductor (4) at 
one end to form a short-circuited end of the 
corresponding hole (2a - 2i), and being isolated 
(6) from said outer conductor (4) at the other 
end to form an open-circurted end of the corre- 
sponding hole (2a - 2i); • * 
at least one of said resonator holes (2a - 2i) 
comprising a large-sectional-area portion and 
a smatl-sectional-area portion arranged so that 
said at least one hole (2a - 2i) has different 
respective inner diameters at said open- 
circuited end and said short-circuited-end; 
the cross -sectional shape of said targe-sec- 
tional-area portion being an elongated shape 
which defines a longitudinal axis, said longitu- 
dinal axis being angled with respect to a plane 
in which said plurality of resonator holes are 
arranged; 

an input/output electrode (5b), an input elec- 
trode (5c), and an output electrode (5a) respec- 
tively provided on the outer surface of said 
dielectric block (1); 

a first group (2f - 2i) of said resonator holes (2a 
- 2i) being disposed between said input/output 
electrode (5b) and said inpul electrode (5c) to 
define a transmission filter; and 
a second group (2a - 2e) of said resonator 
holes (2a - 2i) being disposed between said 
input/output electrode (5b) and said output 
electrode (5a) to define a receiving filter. 

6. A dielectric duplexer according to claim 5, wherein: 

said small -sectional-area portion has a central 
axis which is shifted from a central axis of said 
large-sectional-area portion such that said 
small-sectional- area portion is eccentric to said 
targe-sectional-area portion. 

7. A method of manufacturing a dielectric duplexer 
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comprising the steps of: 

forming a dielectric block (1) having two ends 
opposed to each other; 

forming an outer conductor (4) on an outer sur- s 
face of said dielectric block (1); 
forming a plurality of resonator holes (2a - 2i) 
extending between said two ends of said die- 
lectric block (1), each hole (2a - 2i) having a 
respective inner surface; 10 
forming an inner conductor (3a - 3i) on each 
said inner surface, each inner conductor (3a - 
3i) being connected to said outer conductor (4) 
at one end to form a short-circuited end of the 
corresponding hole, and being isolated (6) from is 
said outer conductor at the other end to form an 
open-circuited end of the corresponding hole; 
forming at least one of said resonator holes (2a 
• 2i) with a large-sectional- area portion and a 
small-sectional-area portion arranged so that 20 
said at least one hole (2a - 2i) has different 
respective inner diameters at said open- 
circuited end and said short-circuited-end; 
the cross-sectional shape of said large-sec- 
tional-area portion being an elongated shape ss 
which defines a longitudinal axis, said longitu- 
dinal axis being angled with respect to a plane 
in which said plurality o1 resonator holes are 
ananged; 

forming an input/output electrode (5b), an input so 
electrode (5c), and an output electrode (5a) on 
the outer surface of said dielectric block (1); 
arranging a first group (2f - 2i) ol said resonator 
holes (2a - 2i) disposed between said input/out- 
put electrode (5b) and said input electrode (5c) 35 
to define a transmission fitter; 
arranging a second group (2a - 2e) of said res- 
onator holes (2a - 2i) disposed between said 
input/output electrode (5b) and said output 
electrode (5a) to define a receiving filter; «o 
adjusting the self-capacitance of said at least 
one resonator hole (2a - 2i) and the mutual 
capacitance between a pair of adjacent said 
resonator holes (2a • 2i) including said at least 
one resonator hole (2a - 2i) by changing the 45 
angle of the longitudinal axis of the cross-sec- 
tion of the large-sectional-area portion with 
respect to said plane in which said plurality of 
resonator holes (2a - 2i) are arranged. 

so 

A method of manufacturing the dielectric duplexer 
of claim 7, further comprising the steps of: 

forming said small -sectional -area portion with 
a central axis which is shifted from a central ss 
axis of said large-sectional-area portion such 
that said small -sectional -area portion is eccen- 
tric to said large -sectional -area portion; and 



adjusting the serf-capacitance of said at least 
one resonator hole (2a - 2i) and the mutual 
capacitance between a pair of adjacent said 
resonator holes (2a • 2i) including said at least 
one resonator hole (2a • 2i) by changing the 
amount by which the central axis of said small- 
sectional -area portion is shifted from the cen- 
tral axis of said large-sectional-area portion. 

9. A radio transceiver including a dielectric duplexer 
(RX, TX), the duplexer comprising: 

a dielectric block (1) having two ends opposed 
to each other; 

an outer conductor (4) disposed on an outer 
surface of said dielectric block (1); 
a plurality of resonator holes (2a • 2i) extending 
between said two ends of said dielectric block 
(1), each hole (2a • 2i) having a respective 
inner surface on which an inner conductor (3a - 
3i) is provided, each inner conductor (3a - 3i) 
being connected to said outer conductor (4) at 
one end to form a short-circuited end of the 
corresponding hole, and being isolated (6) from 
said outer conductor (4) at the other end to 
form an open-circuited end of the correspond- 
ing hole (2a - 21); 

at least one of said resonator holes (2a - 2i) 
comprising a large-sectional -area portion and 
a small-sectional-area portion arranged so that 
said at least one hole (2a - 2i) has different 
respective inner diameters at said open- 
circuited end and said short-circuited-end; 
the cross-sectional shape of said large-sec- 
tional-area portion being an elongated shape 
which defines a longitudinal axis, said longitu- 
dinal axis being angled with respect to a plane 
in which said plurality of resonator holes are 
arranged; 

an input/output electrode (5b), an input elec- 
trode (5c), and an output electrode (5a) pro- 
vided on the outer surface of said dielectric 
block (1); 

a first group (2f - 2i) of said resonator holes (2a 
- 2i) being disposed between said input/output 
electrode (5b) and said input electrode (5c) to 
define a transmission filter; 
a second group (2a • 2e) of said resonator 
holes (2a - 2i) being disposed between said 
input/output electrode (5b) and said output 
electrode (5a) to define a receiving filter; 
said radio transceiver further comprising: 
a transmission circuit for generating a transmis- 
sion signal and being connected to said input 
electrode (5c); 

a reception circuit for receiving a reception sig- 
nal and being connected to said output elec- 
trode (5a); 
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an antenna terminal connected to said 
input/output electrode (5b) for receiving an 
antenna. 

10. A radio transceiver as recited in claim 9, wherein s 
said small-sectional- area portion has a central axis 
which is shifted from a central axis of said large- 
sectional-area portion such that said small-sec- 
tional-area portion is eccentric to said large-sec- 
tional-area portion. w 

11 . A radio transceiver as in claim 9, further comprising 
an antenna (ANT) connected to said input/output 
electrode (5b) via said antenna terminal. 

is 

1 2. A radio transceiver as in daim 1 0. further compris- 
ing an antenna (ANT) connected to said input/out- 
put electrode (5b) via said antenna terminal. 
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